Rapid non-genomic and genomic responses to progestogens, estrogens, and glucocorticoids in the endocrine pancreatic B cell, the adipocyte and other cell types.
Rapid biologic responses to injected steroids were described as early as 60 years ago. More recently, evidence has been presented that 17beta-estradiol given i.v. will double the uterine cAMP activity within 15 s (Proc Natl Acad Sci USA 1967;58:1711-8), and also that estrogens will bind to the outer surfaces of endometrial cells (Nature 1977;265:69-72), suggesting that these steroids can both engage and direct intracellular events. Unfortunately, studies of such rapid membrane effects of steroids have languished due to the accumulation of compelling data for the more slowly manifest actions of these compounds at the level of nuclear DNA. We report a number of observations in women, in experimental animals, and in isolated organ or cell systems using 17beta-estradiol, progesterone or glucocorticoids which provide ample evidence for rapid intracellular metabolic responses to these steroids, mediated by their actions at the cellular plasma membrane. Such rapid responses have been shown in various classic targets or not, such as the B cell of the endocrine pancreas and the fat cell. They involve plasma membrane binding, changes in membrane electrical activity, Ca2+ handling, G and Ras proteins, cAMP, cGMP, IP(3), DAG, phosphodiesterases, protein kinases, tyrosine kinases, ER kinases, and mitogen activated protein kinases (MAPks) and nitric oxide synthase. These recent findings are discussed in detail and should lead to a fuller understanding of the cellular effects of the steroid hormones.